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1, INTRODUCTION 

One of the important features for CHB-MLI is the ability for this type to get a high AC voltage 
based on cascaded DC source [1], [2]. A single power semi-conductor cannot be connected to the medium 
voltage grids. Hence, this multilevel converter has emerged as a solution to this. Also, several semiconductor 
devices can be connected in series or parallel to meet this voltage or power requirement. In order to lower 
harmonic content to improve the output waveform for voltage inverter, reduce the size of the filter utilized 
and the level of electromagnetic interference (EMI). Multilevel inverter (MLI) are being preferred in high 
power medium voltage applications due to reduced voltage stresses on the devices. The MLI concept is used 
to reduce the THD in the voltage output waveform without decreasing the inverter output power. It has 
several advantages such as their switching can be staggered, which reduces the switching frequency and thus 
the switching losses, reduction of EMI and interfacing renewable energy sources such as PV to the electric 
power grid. Numerous topologies to realize this connectivity which can be generally divided into three major 
categories, namely, diode clamped MLI, flying capacitor MLI and separated dc sources cascaded H-bridge 
CHB-MLI. Type of MLI which using a single DC source rather than multiple sources is the diode-clamped 
MLI. While, FC type is designed by series connection of capacitor clamped switching cells. CHB switches 
are connected in parallel and series in order to provide high power demand and high-power quality 
[3]-[9], [10]. For improving the quality of the output voltage inverter for two types of MLI, as symmetrical 
and asymmetrical, both types are very effective and efficient for multilevel inverter utilize reduced number of 
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switching devices with Hybrid topologies for the conventional and non-conventional multilevel inverter 
topologies to create a specified number of output voltage levels in operating in higher voltage levels 
[11], [12]. Reduced number of switches with installation area and cost and has simplicity of control system, 
with a high number of steps associated using a new topology of cascaded multilevel inverter (CHB-MLI) 
[10], [13]-[16]. A current source inverter (CSI) apply a new topology for multilevel with reduced number of 
switches to generate desired output current for multilevel based on sinusoidal pulse width modulation 
(SPWM) method. This topology employs (n+7)/2 switches and (n—1)/2current-sharing inductors for an n- 
level CSI [17]. For 5-level single-phase inverter has been developed by field-programmable gate array 
(FPGA). The digital control technique is generated based on multi carrier PWM in Altera DE2 board, which 
has many features that allow design application of the system device have been implementation Simulation 
and experiment results in [18]. A seven-level inverter has been simulated via implementation of PWM 
techniques to reduce total harmonic distortion (THD). Therefore, with decrees number of gate driver in the 
circuit, there will be an increase for high voltage inverter. The circuitry consists of smaller (CHB-MLI) 
blocks connected in series to implementation its characteristic output waveform [15], [19], [20]. 

In this paper a three phase SHE modulation of modified CHB-MLIs for five levels become an 
increasingly popular technology multilevel inverters due to their speed and flexibility. Most of the 
researchers applied PSO technique in a single phase of a conventional CHB-MLIs. The NR and PSO 
techniques are used to calculate switching angles with the capability to eliminate harmonics of the output 
CHB-MLIs. 


2. THE MODIFIED OF A CHB-MLIS FIVE-LEVEL CONFIGURATION 

The output voltage's of switching functions determine its harmonic components; thus, to some 
degree, reduction of harmonics is limited. Figure 1 shows the proposed single-phase five-level-inverter 
topology. As a solution, this work presents of switching pattern a five-level PWM inverter with output 
voltages zero, + 1/2Vdc, Vdc, -l/2Vdc, and -Vdc as shown in Figure 2 based on Table 1. Increased number of 
output levels reduces harmonic content. It adopts a full-bridge configuration, with an auxiliary circuit 
comprising four diodes and a switch and generates half-level of dc bus voltage. 
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Figure 2. Switching pattern for 5-level modified of a CHB-MLI 
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Voltage V Table 1. Output voltage for five level to the switches’ 
on=1-off=0 condition 

State Sl S2 S3 S4 S5 Vo 
A 1 0 0) 1 0 Vdc 
B (0) (0 0 1 1 Vdc/2 
C 0 0 1 1 0 0 
D 1 1 0 (0) 0) 0* 
E 0 1 (0 0 1 -Vdc/2 
F (0) 1 1 0 0 -Vdc 





Figure 3. Vab at low switching frequency CHB- 
MLIs, for 5-levels 


3. ANALYSES OF THE PROPOSED TOPOLOGIES OF A MODIFIED CHB-MLIS FOR FIVE 
LEVELS 
Fourier series for Output Voltage of Proposed of a Modified CHB-MLIs for Five Level 
The equations for 5-levels based on the Fourier series are described below [21]: 


f(t) = forilt) + fort) de 125 a (Vici cos(na,) + Va-2cos(na@,))sin(nwt) (1) 


nit 
where: 
Vdc: Voltage of each voltage source that was in unity 
Gi: The switching angles 
From (2-1), four equations were resulted in eliminating the 5th harmonic. 


Van = Vaer 


n 


b, = oun {cos(na@, ) + cos(na,)}n =1,3,2 (2) 
1 


As shown in (2) has s variables (@,, 0), where 0 < 0,< 6, < 7/2, and a solution set is obtained by assigning a 
specific value to the fundamental component, Vf, and equating s-1 harmonics to zero as given below: 


V,cos(@,) + V,cos(@,) 6m V,cos(50,) + V,cos(56,) = 0 (3) 


where m = Vf /(2Vdc/7t), and it is related to the modulation index mi by mi = m/s, where 0 < mi <1. 
An objective function is then needed for the optimisation procedure selected as a measure of effectiveness of 
eliminating selected order of harmonics while maintaining the fundamental component at a pre-specified 
value. Therefore, this objective function is defined as: 


FO); 09.0520) = (254 V,cos(@,)-m] pe V,cos(30,)| + .[XS_, V,cos(2s — 1)0,]° (4) 


The optimal switching angles are obtained by minimising Eq. (4) subject to the constraint 
0 <0, <9, < m /2, and consequently the required harmonic profile is achieved. The main challenge is the 
non-linearity of the transcendental set of (3), as most iterative techniques can be used with five levels of the 
modified CHB-MLIs as shown in Figure 4 and each step is explained below: 


3.1. NR Technique 
The values of the conducting angles 0, 9, can be chosen by solving the transcendental equations 
using a modulation index formula (5) to obtain the suitable 


TV f 


M="—4 (0<M <1) (5) 


Where, modulation index values, m,;. Other angles which are 93 until 8g can be obtained by referring the 
output waveform of 5-levels of a modified CHB-MLIs theory in Figure 3. The procedure of detecting 
attributes and configuration of a system is called optimisation. For only 5" harmonics can be eliminated 
chosen to be removed. Thus, the switching angle can be found by solving transcendental equations by using 
NR technique. In order to generate S;, S., S3, Sg, for 5-levels inverter, the switching pattern as shown in 
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Figure 3 are turned on and off in the right sequence in order to produce 5-level output voltage waveform of a 
modified CHB-MLIs. These switching angles are then examined for their corresponding THD given by: 


THDy = ian 


1 





(6) 


The effect of optimised angles for five-levels are a@,, and a, on the THD and the modulation index 
is shown in Figure 3. By using MATLAB coding for number of iterations, it can be easily concluded that the 
modulation index equal 0.949. However, the THD value of five-levels equal to 16.19 %. 


3.2. Particle PSO Technique 

Particle swarm optimisation is a search algorithm which optimizes a given problem by iteratively 
choosing the possible best solution with regards to the given constraints [22]—[25]. The following are the 
steps required to solve the PSO based SHE algorithm for solving the non-linear transcendental equations and 
obtain the optimal switching angles. The number of iteration algorithm is solved using MATLAB coding to 
get better angles and harmonic. From number of iteration PSO algorithm. 

Step 1 Initialise the system parameters such as position vector Xi, velocity vector Vi, personal best 
particle vector Pi, global best vector Pg, and particle inertia weight CO. Assign the values of generations as 
100, population size as 40, cognitive parameter C1 as 0.5 and social parameter C2 as 1.25. 

Step 2 Check for the conditions 0 < (Cl + C2) < 2 and (Cl + C2)/ 2 < CO < 1, if the two 
conditions are satisfied then the system will be guaranteed to converge to a stable equilibrium point. If false, 
go to Step 1. 

Step 3 Update the Velocity, Vi (t+ 1). 


Vij (t+1) =Vilt) + Yr; (Pi — X:(2)) + Yai (Gi — X;{(C)) (7) 
Step 4 Update the Position, Xi (t + 1). 
Xi (t+1) = Xy (t) + Vij (t+1) (8) 


where 1 1s the particle index, j 1s the index of parameter of concern to be optimised, x 1s the position of the ith 
particle and jth parameter, k is the discrete time index, v is the velocity of the ith particle and jth parameter, 
P is the best position found by the ith particle and jth parameter (personal best), G is the best position found 
by swarm (global best), c is a random uniform number between [0,1] applied to the ith particle, u is the 
inertia function, ais the acceleration constants. 

Step 5 Now, evaluate the particles using the Fitness Function 


J vaeiVe 
THD, = 
1 





(9) 


For harmonic elimination. Here the switching angles a, and a, are chosen in such a way that the selective 
harmonics 5" eliminated. 


F (1) = (cos (a) + cos (Q3 ))-ma; 
F (2) = (cos (5 * a,) +cos (5 * Q5)) (10) 


Step60< a, Sa, < 7/2. 

Step 7 P(x1) < P(P1), if not satisfied then 1=1+ 1go to Step 3. 

Step 8 Update the local best position of the particle if it is better than the previous local best 
position. 
Thus, the local best position is replaced as Pi = Xi. 

Step 9 Pg = min (P neighbour). 

Step 10 Optimised switching angles are obtained. Terminate the problem. 
The general flow chart of PSO of a modified CHB-MLIs for each step is explained in Figure 5: 
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Figure 4. flow-chart of NR of the modified CHB- Figure 5. Flow chart of PSO of a modified CHB- 
MLIs MLIs 


4. MODELLING OF THE PROPOSED MODIFIED CHB-MLIS 

MATLAB/SIMULINK software was used to model the proposed topologies of a modified CHB- 
MLIs for five, levels. This was because the analysis and mathematical and engineering issues can be 
performed via MATLAB/SIMULINK. MATLAB has the feature of superior programming and graphics 
ability. Meanwhile, SIMULINK is used to model, analyse, and catalyze effective system block diagram, 
which is fully integrated with MATLAB, simple and smart to be learnt as well as flexible. Besides, it has an 
overall library of blocks that can be used to simulate systems of linear, nonlinear or discrete elements. 

Figure 6 shows the circuit diagram of the proposed of a three-phase modified CHB-MLIs for five- 
levels. The configuration of this model consists of 12 switches of the conventional inverter in addition to a 
three-bi-directional switch. This work intend to develop a PSO based on SHE algorithms for obtaining the 
optimal firing angles for harmonics elimination and compare it with the conventional NR based SHE 
algorithms. The system operation was simulated at low switching frequency. In this simulation model, three 
DC sources are selected equal to 100V. Pulse generator block is used to conduct the switching pattern and 
results of pulse generating will control the inverter based on NR and PSO algorithms. A resistor, 100kQ will 
be used as a load to the proposed modified CHB-MLIs model. The output phase voltage of modified CHB- 
MLIs is 300 volts with frequency 5OHz. The series connected DC bus capacitors Cl and C2 were 2500e-6 
mF, which split the DC bus voltage for each cell: VDC/2, 0, -VDC/2. The middle point n of the capacitors is 
defined as the neutral point. 
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Figure 6. Simulations of a three phase of modified CHB-MLIs for five-levels model 


J. SIMULATION RESULTS FOR OPTIMIZATION OF THREE-PHASE WITH MI= 0.9 BASED 
ON NR AND PSO TECHNIQUES 

Simulations work has been carried out of a three phase of modified CHB-MLIs for value of 
switching frequency 2500Hz. The load used is a balanced three-phase star connected with 200hm, and 5mH 
per phase. The dc capacitor voltage Vdc=150V. The first simulation of a three-phase modified CHB-MLIs 
operation was conducted using the NR technique. In this simulation operation, the duration of time was equal 
to 0.02s for each cycle. The value of MI=0.949 was used and the switching angles were calculated and 
simulated, which were equal to @= 14.631 and 0,=41.343 at the switches of a three-phase modified CHB- 
MLIs of five levels. 

In the case of simulation operation using PSO, the duration of time was equal to 0.02s for each 
cycle. The value of MI=0.994 and the switching angles were calculated and simulated with values of @= 
13.404 and @ =41.908 at the switches of a single-phase modified CHB-MLIs of five levels. The timing 
diagram of a three-phase modified CHB-MLIs of five levels was developed using the NR technique. 
There are four switches comprising switches $1, S2, S3, and S4 and bi-directional switch S5 as described in 
Figure 7, Figure 8 and Figure 9. 

The simulation model of output voltage waveform is as shown in Figure 10 for the optimisation of 
phase voltage of a three-phase modified CHB-MLIs of five levels for phases A, B, and C, respectively. 
The optimisation of output voltage waveforms is based on the accurate calculation of switching angles 
obtained, which are 6/=14.6313 and @2=41.3434, with MI=0.949. Using the NR technique, Figure 11 shows 
the harmonic spectrum of the optimisation of output voltage waveform of a three-phase modified CHB-MLIs 
of five levels with THD values equivalent to 16.3%. 
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Figure 11. Harmonic spectrum for output phase Figure 12. Three-phase five-level output line voltage 
voltage waveform using NR technique at phases A, B, and C for 0;=14.63 13° 


and 0,=41.3434" using NR technique 


The line-to-line output voltage waveform of a three-phase modified CHB-MLIs of five levels using 
the NR technique can be illustrated in Figure 12. The output of the line-to-line voltage waveform will 
produce nine levels due to V line to line = V phase. The THD values for the line-to-line voltage are 
equivalent to 14.5% as shown in Figure 13. 
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The second simulation was carried out for the proposed three-phase modified CHB-MLIs using the 
PSO technique. The timing diagram of a modified CHB-MLIs using the PSO technique can be illustrated in 
Figure 14, Figure 15, and Figure 16. There are differences in terms of pattern in switching the timing diagram 
among NR and PSO techniques due to the differences in the switching angle calculation for optimisation. 

The calculation of switching angles obtained using the PSO technique is equal to 0,=13.404326 and 
0, =41.908579 with MI=0.975. The simulation model of output voltage waveform is as shown in Figure 17 
Meanwhile, the optimisation of a three-phase modified CHB-MLIs of five levels using PSO with THD values 
equivalent to 15.34% is as shown in Figure 18. 
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Figure 15. Timing diagram for S;, So, S3, S4, and Ss at Figure 16. Timing diagram for SI, S2, $3, S4, and 
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In Figure 19 illustrates the line-to-line voltage output waveform of a three-phase modified CHB- 
MLIs equal to 600v. The THD values for line-to-line voltage can be found in Figure 20 and its values are 
equal 12.81%. The calculation of switching angles obtained is 01=13.404326 and 02 =41.908579 with 
MI=0.975. Figure 21 shows the MATLAB plotting output for switching angles and the THD values for 
voltage based on NR and PSO techniques. Based on of a three phase of modified CHB-MLs for simulation 
and experimental results showed that the higher level of inverter it will produce lower harmonics contents of 
the modified CHB-MLIs using the both techniques. However, PSO technique produce lower content of THD 
of the modified CHB-MLIs output voltage waveform compared to NR technique due to switching angles of 
the PSO technique is simple and efficient. 
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Figure 21. Overall values of MI, versus the switching angles and the values of THD for voltage of modified 
CHB-MLI of 5-levels based on NR and PSO 


6. CONCLUSION 

In order to run the simulation, a controller using NR and PSO techniques were applied to the 
modified CHB-MLIs for five levels. This work design and analysis, simulation of PSO algorithm with 
reduced number of switches in MLI were presented. Three phases of a modified CHB-MLIs were 
successfully developed. The low switching frequency control schemes operation can be implemented in the 
modified CHB-MLIs for five levels. The outcome of the results from simulation showed that the higher level 
of inverter it will produce lower harmonics contents of the modified CHB-MLIs using NR and PSO 
techniques. The, PSO technique produce lower content of THD of the modified CHB-MLIs output voltage 
waveform compared NR technique due to switching angles of the PSO technique is simple and efficient. 
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